AD-A173  815 


TECHNICAL  REPORT 
NATICK/TR-86/061 


AD. 


STABILITY  OF  VITAMINS 
C,  Bi,  B2  AND  B6 
IN  FORTIFIED  BEEF  STEW 


BY 


MIRIAM  H.  THOMAS 
BONITA  M.  ATWOOD 
K.  ANANTH  NARAYAN 


SEPTEMBER  1986 
FINAL  REPORT 
JULY  1984- JUNE  1985 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


UNITED  STATES  ARMY  NATICK 
RESEARCH,  DEVELOPMENT  AND  ENGINEERING  CENTER 
NATICK,  MASSACHUSETTS  01760-5000 

SCIENCE  AND  ADVANCED  TECHNOLOGY  DIRECTORATE 

10  31  015 


Disclaimers 


The  findings  contained  in  this  report 
are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless 
so  designated  by  other  authorized 
doc  ument  s . 

Citation  of  trade  names  in  this  report 
does  not  constitute  an  official  endorse¬ 
ment  or  approval  of  the  use  of  such  items. 


DESTRUCTION  NOTICE 

For  classified  documents,  follow  the  procedures  in  DoD 
5200. 1-R,  Chapter  IX  or  DoD  5220. 22-M,  "Industrial  Security 
Manual,"  paragraph  19.  For  unclassified  documents,  destroy 
by  any  method  which  precludes  reconstruction  of  the  document. 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  page 


REPORT  DOCUMENTATION  PAGE 


fo rm  Approved 
OMB  No  0704  0188 
f«p  Date  lun  30  1986 


1b  RESTRICTIVE  MARKINGS 


la  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a  SECURITY  CLASSIFICATION  AUTHORITY 


2b  DECLASSIFICATION  l  DOWNGRADING  SCHEDULE 


a  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 
NATICK/TR-86/061 


6a  NAME  OF  PERFORMING  ORGANIZATION  6b  OFFICE  SYMBOL  7a  NAME  OF  MONITORING  ORGANIZATION 

(If  applicable) 

U . S .Army  Natick  RD&E  Center  STRNC-YMB  u.  S.  Army  Natick  RD&E  Center 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release;  distribution 
uni imi ted  . 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6c  ADDRESS  (City,  State,  and  ZIP  Code) 

Kansas  Street 
Natick,  MA  01760-5020 


7b  ADDRESS  (C/ty,  State,  and  ZIP  Code) 
Kansas  Street 
Natick,  MA  01760-5020 


8a  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


8b  OFFICE  SYMBOL  I  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
(If  applicable)  I 


8c.  ADDRESS  (City.  State,  and  ZIP  Code)  |  10  SOURCE  OF  FUNDING  NUMBERS 

I  PROGRAM 
ELEMENT  NO 


PROJECT 

TASK 

NO 

NO 

1L162724 

AH99 

11  TITLE  (Include  Security  Classification) 

Stability  of  Vitamins  C,  B  ,  B  and  B  in  Fortified  Beef  Stew 


12  PERSONAL  AUTHOR(S) 

Miriam  H.  Thomas,  Bonita  M.  Atwood,  and  K.  Ananth  Narayan  _ 


13a  TYPE  OF  REPORT  13b  TIME  COVERED  14  DATE  OF  REPORT  (Year,  Month,  Day)  15  PAGE  COUNT 

Final  FROMJuly  1984  to  June  1985  1986  19 


COSATI  CODES 


GROUP  SUB-GROUP 


WM 


18  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

Rations  Kinetics  Tray  Pack  Food  Service 

Nutrients  Thiamin  Beef  Stew  Food  Processing 

Vitamins  Prediction  Ascorbic  Acid 


9  ABSTRACT  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

A  study  was  conducted  to  ^etermine  the  stability  of  ascorbic  acid,  thiamin,  riboflavin  and 
pyridoxine  (vitamins  C,  Bj,  B2  and  B(, ,  respectively)  in  fortified  and  unfortified  beef  stew 
before  and  after  thermoprocessing  in  a  105-fluid  ounce  flat  can  (Tray  Pack)  as  well  as  after 
simulated  preparation  tor  field  feeding  to  troops.  The  results  indicate  that  only  thiamin 
underwent  considerable  degradation  during  thermal  processing  to  a  minimum  Fc  of  6.0.  When 
reheated  to  and  held  at  85®C,  the  rate  of  thiamin  destruction  in  fortified  beef  stew  was 
about  2%  per  hour.  Regression  analysis  of  the  data  on  thiamin  destruction  in  Tray  Packs  at 
four  different  temperatures  has  enabled  the  prediction  of  thiamin  loss  under  conditions 
other  than  those  examined.  Fortification  of  beef  stew  with  vitamins  is  feasible  from  a 
nutritional  standpoint  and  the  addition  of  ascorbic  acid  may  even  enhance  its  shelf  life. 
Ascorbic  acid  retention  during  processing  was  surprisingly  high  (82%)  in  fortified  beef  stew. 
Furthermore,  heating  fortified  beef  stew  in  unopened  trays  for  16  h  at  85^0  caused  no  change 
in  ascorbic  acid  level.  Military  field  feeding  practices  resulted  in  little  or  no  change  in 


20  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 

BUNCLASSIFIED/UNLIMITEO  □  SAME  AS  RPT  □  OTIC  USERS 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 
K.  Ananth  Narayan 


DO  FORM  1473,  84  MAR  83  APR  edition  may  be  used  until  exhausted  security  Classification  qf  this  page 

All  other  editions  are  obsolete 

UNCLASSIFIED 


21  abstract  security  CLASSIFICATION 

UNCLASSIFIED  _ 


22b  TELEPHONE  (Include  Area  Code)  22 c  OFFICE  SYMBOL 
(617)651-4131 


PREFACE 


i 

Nutrient  fortification  is  crucial  for  military  rations  where  micronutrients 

are  destroyed  during  long  term  storage  or  are  initially  present  at  less  than 

the  prescribed  standard  level  established  by  the  Surgeon  General  in  AR  40-25. 

The  lability  of  vitamins  such  as  thiamin  and  ascorbic  acid  during  processing 

makes  it  important  that  all  possible  fortification  avenues  are  explored. 

There  are  very  few  vitamin  retention  studies  in  the  literature  where  a 

substantial  level  of  vitamins  have  been  added  to  thermoprocessed  foods.  In  the 

present  study  (project  No.  1L1 6AH99BA0 28) ,  the  feasibility  of  fortification  of 

tray  packed  beef  stew  with  vitamins  B„,  B„ ,  B^  and  C  at  twice  the 

1  2  6 

recommended  allowance/ration/ day  was  explored.  In  addition,  the  military  field 
feeding  practices  were  simulated  and  exaggerated  to  document  any  further 
changes  in  nutrient  content.  The  collection  of  a  large  amount  of  data  on 
vitamin  losses  under  defined  time-temperature  conditions  has  enabled  the 
prediction  of  vitamin  losses  at  various  other  temperature- time  conditions  that 
may  be  occasionally  encountered  under  field  operation.  This  study,  it  is 
therefore  anticipated  would  serve  as  a  useful  guide  for  field  feeding  practices 
of  thermoprocessed  tray  pack  beef  stew  and  other  similar  products. 
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STABILITY  OF  VITAMINS  C,  B  ,  B.  AND  B  IN  FORTIFIED 

t  £.  D 

BEEF  STEW 


INTRODUCTION 


Combat  field  feeding  systems  for  the  Army  must  provide  high  quality  hot 
meals  and  increased  efficiency  in  food  service  consistent  with  having  troops 
widely  dispersed.^  For  this  reason,  a  system  concept  has  been  developed  that 
maximizes  the  use  of  an  improved  food  technology  for  producing  heat-sterilized, 
fully  prepared,  shelf-stable  foods.  These  foods,  labeled  Tray  Packs,  can  be 
distributed  anywhere  combat  troops  are  located. 

The  Tray  Pack,  the  basis  for  T  Rations,  consists  of  a  variety  of  Tray  Pack 
entrees,  vegetable,  starch,  salad,  and  dessert  items  that  have  been  heat- 
processed  in  rectangular,  multiserving,  half-sized  steam  table,  metal  cans.  It 
is  anticipated  that  use  of  Tray  Packs  in  the  T  Ration  will  increase  the  Army's 
capability  for  providing  high  quality,  nutritionally  adequate,  hot  meals  to  its 
troops  in  the  field  while  significantly  reducing  the  manpower,  fuel,  and  water 
requirements  of  the  present  system.  The  flat  tray  configuration  gives  greater 
quality  potential  for  its  heat  processed  contents  than  does  the  round  can, 
because  it  allows  significant  reduction  of  the  processing  time  to  attain 
sterility.  Additionally,  the  Tray  Pack  foods  are  ready  to  heat  and  serve  in  a 
container  that  funtions  as  a  heating  and  serving  vessel.  These  foods  were 
consumed  in  Lebanon  and  found  to  be  highly  acceptable. 
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For  this  reason,  the  U.S.  Army  Natick  Research,  Development  and  Engineering 
Center  conducted  laboratory  tests  to  determine  the  effects  of  processing, 
reheating,  and  holding  on  the  vitamin  content  of  beef  stew.  Due  to  the  low 
concentration  of  vitamins  in  beef  stew,  the  study  included  Tray  Pack  beef  stew 
to  which  vitamins  were  added  prior  to  thermoprocessing.  The  results  were  to 
provide  a  basis  for  making  recommendations  (1)  to  improve  products  through 
suitable  fortification,  (2)  to  improve  the  method  of  thermoprocessing,  and/or 
(3)  to  propose  limitations  on  "hot"  holding  periods  for  serving  purposes. 

To  determine  vitamin  loss  due  to  the  thermoprocessing,  the  product  was 
analyzed  prior  to  and  after  retorting.  In  addition,  expected  and  exaggerated 
field  preparation  conditions  were  simulated  to  ascertain  losses  due  to 
preparation  for  serving.  The  vitamins  selected  for  study  were  ascorbic  acid 
(vitamin  C),  thiamin  hydrochloride  (vitamin  B^,  riboflavin  monophosphate 
(vitamin  B  ),  and  pyridoxine  hydrochloride  (vitamin  B  ). 


MATERIALS  AND  METHODS 


Frozen,  whole  round  of  beef  (USDA  inspected)  was  boned,  trimmed  and  diced 
for  use  to  prepare  Tray  Pack  beef  stew.  In  addition  to  the  beef,  frozen 
crinkle-cut  carrots,  dehydro-frozen  white  potatoes,  and  gravy  were  included  in 

accordance  with  Tray  Pack  specification  for  beef  stew  (Interim  Specification, 

2 

1984).  In  the  case  of  fortification,  the  vitamins  were  added  at  twice  the 
recommended  allowance'Vration/day  to  the  gravy  at  the  last  stage  of  its 
preparation. 

A  half-sized  steam  table  tray,  capable  of  holding  105-fluid  ounces,  was 

used  to  contain  the  product.  The  tray  was  two  inches  deep,  made  of  chrome/ 

chrome-oxide  coated  steel  with  a  double-seam  closure  lid  sealed  to  the  body  of 

4 

the  tray  to  form  a  positive  hermetic  seal.  Most  Tray  Packs  were  equipped 
with  at  least  one  thermocouple  prior  to  filling.  Immediately  after  filling, 
the  trays  were  vacuum-sealed  (10  inches)  and  loaded  into  the  retort  for 
processing  as  rapidly  as  possible.  Each  thermocouple  was  connected  to  a  data 
recorder  (Digistrip  III)  to  register  the  temperature  within  the  product 
throughout  the  processing  period. 

Twenty  Tray  Packs  were  loaded  onto  the  middle  two  shelves  of  the  retort  to 

minimize  anticipated  tray-to-tray  temperature  variations  during  processing. 

The  retort  was  filled  with  water,  heated  to  an  operating  temperature  of 

121°C,  and  kept  at  that  temperature  until  a  minimum  F  value  of  6.0, 

o 

commercial  sterility,  was  attained.  After  processing,  trays  were  held  at  room 
temperature  until  subjected  to  various  treatments  before  conducting  nutrient 
analyses.  The  subsequent  treatment  to  simulate  preparation  for  field  serving 
is  outlined  in  Table  1. 


TABLE  1.  Tray  Pack  Beef  Stew. Test  Plan  for  Heat-Hold  Study. 


UNFORTIFIED 

•FORTIFIED 

PRODUCT 
Temp  C 

WITHDRAWAL  PERIODS 

Hours 

X 

X 

85 

0,1,2,4,8,16,24 

X 

77 

0,2,4,8,16,24,32 

X 

74 

0,2,6,10,18,36 

X 

63 

0,4,8,16,24,40 

X 

X 

27 

0 

X 

X 

Frozen 

0 

•Fortification 

Level  Per  Meal: 

2  Times  RDA  of 

Vitamins  C,  B,,  B  and  B 

1  Z  D 

To  f  pare  for  field  serving.  Tray  Packs  were  heated  in  a  boiling  water 
bath  to  either  85,  77,  74,  or  6j°C,  removed  from  the  water  bath  to  an 
electric  oven,  and  held  unopened  at  the  temperature  to  which  they  had  been 
heated  for  various  time  intervals,  0  to  40  hours.  The  tray  and  oven 
temperatures  were  monitored  and  recorded.  Immediately  after  the  heat-hold 
treatment,  the  product  was  blast  frozen,  and  held  frozen  until  duplicate 
nutrient  analyses  were  made  on  two  replicate  trays  of  each  treatment.  Vitamins 
analyses  were  performed  according  to  the  procedure  described  in  Method  of 
Vitamin  Assay. 
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RESULTS  AND  DISCUSSION 


The  effect  of  processing  on  the  vitamin  content  of  fortified  and 
unfortified  beef  stew  is  shown  in  Table  2.  As  expected,  the  concentration  of 
vitamins  under  test  was  low  in  the  unfortified  beef  stew,  and  an  accurate 
assessment  of  their  stability  could  not  be  made.  During  the  processing  of 
fortified  beef  stew,  there  was  no  less  than  82%  retention  of  ascorbic  acid, 
riboflavin,  and  pyridoxine.  However,  there  was  only  47%  retention  of  thiamin 
in  the  fortified  beef  stew.  The  excellent  preservation  of  ascorbic  acid  in 
fortified  beef  stew  was  undoubtedly  due  to  the  limited  head  space  and  reduced 
procesing  time  for  Tray  Packs  compared  with  conventional  cylindrical  cans  as 
well  as  due  to  the  high  level  of  fortification  used  in  this  study.  In  view  of 
the  well  known  antioxidant  synergistic  effect  of  ascorbic  acid,  it  is  quite 
possible  that  the  level  of  fortification  used  in  this  study  may  well  enhance 
the  shelf  life  of  Tray  Pack  products. 

TABLE  2.  Effects  of  Processing  on  Vitamin  Content  of  Beef  Stew. 

BEEF  STEW 

RAW  RETORTED 


VITAMINS 

LEVEL 

FROZEN 

UN HEATED 

RETENTION 

mg/ lOOg 

% 

C 

0 

*TR 

TR 

“2x 

39.2 

32.3 

82 

B1 

0 

0.057 

0.0  20 

35 

2x 

1.46 

0.690 

47 

b2 

0 

0.112 

0.120 

107 

2x 

1.69 

1.74 

103 

b6 

0 

0.  10 

0.06 

60 

2x 

2.5 

2.25 

90 

‘Traces 

“Vitamins 

Added  at  the 

Level  of  2  Times 

RDA  Per  Meal 
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Upon  reheating  the  fortified  product  in  the  unopened  Tray  Pack  (Table  3)  to 
various  temperatures  prior  to  holding  the  product  at  the  temperature  to  which 
it  was  heated,  there  was  no  change  in  vitamin  content  except  for  pyridoxine, 
which  decreased  by  25  percent.  This  loss  was  unexpected  since  pyridoxine  was 
not  affected  by  the  processing  and  is  considered  stable  to  heat.  The 
pyridoxine  data  obtained  with  the  trays  heated  and  held  for  prolonged  time 
(Table  4)  would  appear  to  suggest  this  loss  observed  here  in  pyridoxine  (Table 
3)  was  most  likely  due  to  replicate  variation  rather  than  due  to  heating  of  the 
Tray  Packs  to  temperature. 

Holding  fortified  beef  stew  Tray  Packs  unopened  in  an  oven  at  63°C  from 
0  to  40  hours  resulted  in  no  significant  decrease  in  the  content  of  vitamins 
B0,  and  C  (Table  4).  However,  thiamin  decreased  significantly  upon 
heating  for  40  h  at  63°C.  After  reheating  to  74  or  77°C  and  holding  for  up 
to  36  or  24  hours,  respectively,  no  striking  changes  in  the  contents  of  vitamin 
C,  ,  or  Bg  were  evident.  Thiamin  loss  was  negligible  when  the  product 
was  reheated  and  held  for  6  hours  at  74  and  77°C.  However,  there  was  a  25% 
reduction  in  thiamin  at  both  74  and  77°C  after  heating  for  36  and  24  hours, 
respectively.  Reheating  and  holding  the  product  at  85°C  for  8  and  24  hours 
resulted  in  14  and  47%  loss  of  thiamin,  respectively.  No  appreciable  change  in 
ascorbic  acid,  riboflavin,  or  pyridoxine  occurred  under  these  conditions. 
Consequently,  holding  the  Tray  Pack  of  fortified  beef  stew  for  8  hours  at 
85°c  is  not  considered  to  be  a  significant  impairment  to  its  vitamin  content. 
At  any  rate,  such  an  event  is  not  typical  of  military  field  feeding  practice. 
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TABLE  4.  Vitamin  Retention*  of  Beef  Stew  Tray  Pack  (heated  and  held) 


C  HOURS 


VITAMINS 


1 

108 

103a 

93 

100a 

2 

100 

97b 

98 

103a 

4 

103 

91c 

94 

103a 

8 

94 

86d 

89 

101a 

16 

95 

6  3e 

91 

98a 

24 

93 

53f 

96 

91b 

‘Percentages  bearing  the  same  letter  are  not  significantly  different 
(p  0.05)  from  each  other. 
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Regression  analysis  of  data  of  vitamin  B ^  destruction  in  the  fortified 
beef  stew  Tray  Pack  at  four  different  temperatures  was  undertaken  to  be  able  to 
predict  losses  under  those  conditions.  In  Figure  1,  the  log  of  the  percent  of 
thiamin  remaining  is  plotted  against  time.  It  is  clearly  evident  that 


degradation  of  thiamin  in  the  product  increases  with  time  and  temperature. 
Linear  regression  plots  for  each  of  these  curves  are  shown  in  Figure  2.  The 
regression  coefficients  ranging  from  0.95  to  1.0  indicated  a  very  good  fit.  An 


Arrhenius  plot  describing  the  temperature-rate  constant  relationship  (Figure  3) 
was  obtained.  The  resulting  regression  plot  suggests  that  one  can  reasonably 
predict  vitamin  losses  at  temperatures  other  than  those  utilized  in  this 


study.  From  this  plot,  an  activation  energy  for  thiamin  degradation  of  18.2 
kcal/mole  was  obtained.  The  rate  of  thiamin  destruction  was  calculated  to  be 
about  2%  per  hour  at  85°C. 
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Figure  1 .  Fortified  Beef  Stew  Tray  Pack:  Thiamin  Degradatic 
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Figure  2.  Fortified  Beef  Stew  Tray  Pack:  Thiamin  Degradation 
Regression  Plot 
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Figure  3.  Fortified  Beef  Stew  Tray  Pack:  Temperature-Rate  Constant 

Relationship  for  Thiamin  —  Regression  Plot  with  Data  Points 


^  vy; 


■>.* ■> -> 'J  vr>  v  V v -inv.v. y. y. 


CONCLUSIONS 


■w  v.v 


» 


i'S 

y* 

*  iV 


The  study  of  the  effect  of  thermal  processing  in  a  flat  can  on  the 
stability  of  specific  nutrients  in  vitamin  fortified  and  unfortified  beef  stew 
show  that: 

(1)  In  fortified  beef  stew,  no  significant  loss  occurred  in  vitamins  C, 

B  ,  or  B  during  commercial  sterilization  of  the  product;  however,  there 
2  6 

was  a  53%  decrease  in  thiamin  content. 

(2)  Additional  reheating  of  fortified  beef  stew  to  simulate  and  exaggerate 
military  field  feeding  practices  resulted  in  little  change  in  vitamin  C,  B^ , 
or  B2« 

(3)  The  excellent  preservation  of  ascorbic  acid  in  fortified  beef  stew  is 
attributable  to  the  improved  thermoprocessing  technology.  It  is  possible  that 
ascorbic  acid  fortification  to  Tray  Pack  foods  may  enhance  their  shelf  life. 

(4)  After  holding  fortified  beef  stew  for  various  time  intervals  at  85°C, 
there  was  significant  loss  of  about  2%  per  hour  of  thiamin,  but  there  were  no 
major  changes  in  the  remaining  nutrients  under  test. 

(5)  Regression  analyses  of  the  data  on  vitamin  B^  in  fortified  beef  stew 
Tray  Pack  has  enabled  the  predication  of  thiamin  loss  under  conditions  other 
than  those  examined.  The  energy  of  activation  for  thiamin  degradation  in 
reheated  Tray  Packs  was  estimated  to  be  18  kcal/mole. 

(6)  Fortification  of  beef  stew  Tray  Pack  with  vitamins  is  feasible,  and 
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treatment  of  the  product  according  to  military  field  feeding  practices  is 
considered  favorable  to  its  nutrient  content. 
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RECOMMENDATIONS 


(1)  Serious  consideration  should  be  given  to  vitamin  fortification  of  Tray 
Pack  items  where  they  do  not  provide  significant  contribution  to  the  Military 
Recommended  Daily  Allowance  of  such  nutrients. 

(2)  A  time -temperature  nomogram  should  be  prepared  for  each  micronutrient 
to  predict  probable  losses  under  various  field  situations. 

(3)  Acceptance  data  should  be  collected  on  fortified  Tray  Pack  items  to 
establish  the  feasibility  of  incorporation  into  the  system. 
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